Objective: To evaluate the diagnostic efficacy of magnetic resonance imaging (MRI) for the detection of partial-thickness rotator cuff tears (PTT) and full-thickness rotator cuff tears(FTT) by comparing its findings with surgical findings as the gold standard and to improve the previous MRI accuracy in diagnosing rotator cuff tears (RCT) considering more variables. Methods: In 45 months, 804 patients underwent MRI shoulder joint. Among them, only 95 cases had undergone both MRI imaging and surgery accordingly. The patient records were evaluated retrospectively if MRI and surgery were performed within 40 days of MRI. MRI findings were categorized into PTT, FTT and no tears which were further divided into different types according to four main nominal data as variables viz. site, size, shape and muscle involvement in RCT and were correlated with surgical findings for statistical calculation by using Kappa coefficient and McNemar Bowker test. Results: 81 patients (86 RCTs) underwent surgery within 40 days. On the basis of site as variable, MRI correctly depicted 100% of full thickness tears(FTT), 85% of bursal partial thickness tears(PTT), 80.4% of articular partial thickness tears(PTT). The consistency in diagnosis of RCT between MRI and surgery was moderate (Kappa coefficient 0.645). Overall sensitivity, specificity and accuracy of MRI for diagnosing PTT was 87.3%, 53.3% and 81.3%; and that for FTT was 100%, 98.7% and 98.8% respectively. Likewise on the basis of size, shape and muscles involved, the consistency between MRI and surgery was poor for size and shape and moderate for muscles involved; and the difference in diagnosing RCT by MRI and surgery was significant for shape (P = 0.002) only, * Corresponding author.
Introduction
Rotator cuff tears (RCT) are one of the most common causes of shoulder pain for which patients seek treatment. As in our daily work, the shoulder joint is the most frequently used, there is higher chance of having shoulder joint injury. Thirty to seventy percent of patients having shoulder pain are due to abnormality of rotator cuff [1] [2]. The decision making in management of causes of shoulder pain depends upon the results of imaging of the shoulder. The accurate diagnosis of rotator cuff tears by magnetic resonance imaging (MRI) is a must for an orthopedic surgeon to proceed with surgery [3] . MRI became the favored investigation for preoperative diagnosis of partial-and full-thickness rotator cuff tears as it can confirm a suspected RCT non-invasively [4] - [6] . It can reveal the RCT for necessary surgical procedures although its accuracy greatly depends on the skill of the reporters in interpreting a MRI slides. According to the literature regarding accuracy of MRI is still controversial in the diagnosis of rotator cuff tears despite less invasive approach. On the basis of availability, clinical experience and the expected sensitivity and specificity, accuracy of MRI can be assessed [7] .
Many literatures have shown the accuracy of MRI for the detection of partial-thickness rotator cuff tears (PTT) and full-thickness rotator cuff tears (FTT) [8] [9] , but most of them have relatively small number of patient with field strength of MRI less than 3.0 T and have considered only few parameters [10] - [12] . Dinnes et al.; a systemic review of diagnostic accuracy of MRI in the detection of rotator cuff tears; showed that MRI have high accuracy for the detection of FTT in comparison to PTT [13] . According to the available information, MRI is the first choice as the diagnostic investigation for RCT in our hospital.
The objective of this study is to evaluate the diagnostic efficacy of MRI in RCT and compare the accuracy of MRI for the detection of PTT and FTT using surgical findings as the "gold standard" and to improve the previous MRI accuracy for diagnosing RCT considering more variables.
Materials and Methods
In this retrospective study, the inclusion criteria were: (1) shoulder discomfort and/or disability for which the patients underwent MRI; (2) also subsequent surgery was carried out; (3) no history of previous shoulder surgery; (4) healthy contralateral shoulder; (5) informed consent for surgery. The indications to perform MRI were clinical suspicion for having injury of rotator cuff muscles and intra-and extra-articular structures of the shoulder joint that are responsible for restriction of normal shoulder movement (n = 45), as a request for more diagnostic certainty who were previously suspected in another center as rotator cuff injury (n = 19), the patients who didn't improve by medical and conservative management (n = 11) and of the remaining patients (n = 6), the indication to do MRI could not be assessed.
Patients were excluded when case was refused for surgery, also when the patients who underwent surgery but not arthroscopy or open surgery, when MRI images were of bad quality and when the time intervals between MRI and surgery exceeded 2 months and when RCT was absent in both MRI and surgery i.e. when true negative cases were present.
The study was performed in a tertiary teaching hospital under the supervision of an assistant professor and a professor. The cases were referred by the orthopedic department or general practitioners from January 1, 2012 to September 30, 2015. Total number of cases of upper limb imaging was 1474 between that time interval, out of them 804 cases had involved the shoulder joint. Among them, 95 cases (37 male and 58 female) underwent MRI of the affected shoulder joint and all of them subsequently had surgery. 12 cases; although managed surgically after the MRI diagnosis of RCT; were excluded as they were not undergone arthroscopic or open surgery. Also 2 more cases were excluded because the time period between MRI and surgery exceeded 2 months. The remaining 81 cases (30 males and 51 females, with a mean age of 56 years, range 19 -83 years) formed the study group whose data obtained from MRI and surgical reports were analyzed retrospectively considering the surgical findings as the "gold standard". Out of 81 cases, 86 RCTs were found (2 RCTs for each 5 cases and 1 RCT for each 76 cases).
All those cases of the study group were searched thoroughly for the presence or absence of rotator cuff tears. All the findings were categorized into partial thickness tears (PTT), full thickness tears (FTT) and no tears. Further those tears had been divided into different types: A. according to the site as articular partial tear, bursal partial tear, intra-tendinous partial tear, full thickness tear and no tears; B. according to the size as less than 1 cm, 0 to less than 2 cm, 2 cm to less than 3 cm, 3 cm or greater than 3 cm and no tears; C. according to the shape as crescentic, L-shape, U-shape and no tears; D. according to the muscle involved as supraspinatus, infraspinatus, teres minor, subscapularis and no tears; and the associated findings were recorded as absent or present for evaluation. The time interval between the MRI and surgery ranges from 1 to 40 days.
Magnetic Resonance Imaging (MRI)
All MRI examinations were performed with 3.0 Tesla (T) MR system (brand: Siemens, Germany). All the patients underwent routine MRI. The routine MRI of shoulder consisted of coronal T2 weighted imaging (T2WI) with fat-supression (FS) and T1 weighted image (T1WI) turbo spin echo, sagittal T2WI with fat-supression (FS) and axial T2WI with fat-suppression (FS). A field view of 200 mm was used, the slice thickness was 3 mm, the imaging matrix was 320 mm × 320 mm and overall imaging time was 4 minutes.
The MRI findings were reported by 3 experienced radiologists and these findings were retrospectively evaluated to compare with surgical findings. The cases; which were reported by experienced radiologists who have good enough anatomical, pathological and diagnostic radiological knowledge of shoulder joint; were chosen to exclude the potential bias of correct findings.
Recognized classification were used for the diagnosis of types of RCT and to categorize them for statistical calculation [4] [14]- [16] . Two MRI images have been shown to show partial thickness tear (PTT) and full thickness tear (FTT) in Figure 1 and Figure 2 .
Surgery
The surgery either arthroscopy or open surgery was done by an experienced orthopedic surgeon having good enough knowledge of the MRI findings. In all cases, the presence or absence of a partial-thickness or fullthickness rotator cuff tears and all associated other intra-as well as extra-articular lesions that are mentioned in surgical reports were recorded.
Statistical Analysis
The presence or absence of rotator cuff tears according to their site, size, shape and muscles involved were compared between MRI and surgery using cross tabulations. Also the presence or absence of other extra-or intraarticular lesions was compared as individual variables to find out their individual statistical accuracy. Sensitivity, specificity, the positive predictive value and the negative predictive value were calculated based on the tables.
A Kappa coefficient was calculated to show the agreement between the results of MRI and surgery. The statistical significance were determined in the differences of detecting rotator cuff tears by using marginal homogeneity test (or McNemar test) accordingly. Using IBM SPSS statistics Version 21.0, all the data were analyzed.
Results
At surgery 73 were partial-thickness rotator cuff tears (PTT), 7 were full-thickness rotator cuff tears (FTT) and 6 were no tear. On evaluating rotator cuff tears on the basis of site as a variable, MRI correctly identified 67 (83.75%) out of total 80: 7 (100%) of 7 FTT, 23 (85.1%) of 27 bursal PTT, 37 (80.4%) of 46 articular PTT ( Table 1) .
Overall sensitivity and specificity of MRI in diagnosing partial-thickness rotator cuff tears was 62/71 (87.3%) and 8/15 (53.3%); and that for diagnosing full-thickness rotator cuff tears was 7/7 (100%) and 78/79 (98.7%) respectively. Table 2 shows the sensitivity, specificity, positive predictive value, negative predictive value and accuracy for MRI in the detection of partial-thickness and full-thickness rotator cuff tears.
The agreement between MRI and surgery was moderate with general consistency: Kappa coefficient was calculated to be 0.645 ( Table 3 ). The differences in the diagnosis of RCT by MRI and surgery were not statistically significant: the marginal homogeneity test was 0.558, analyzing that two procedures have comparable diagnostic value.
For the diagnosis of full-thickness rotator cuff tears by MRI (Figure 2) , there was a high degree of sensitivity, specificity and accuracy (100%, 98.7% and 98.8%) respectively but these percentages are based on only seven cases. The size of full-thickness tears ranges from 0.7 cm to 4 cm in MRI. MRI showed only one false-positive rotator cuff tears which was proven surgically.
For the diagnosis of partial-thickness rotator cuff tears, the diagnostic values viz. sensitivity, specificity and accuracy for MRI were 87.3%, 53.3% and 81.3% respectively ( Table 2) . MRI incorrectly identified seven partialthickness tears as false positive which were not found tears in surgery and nine partial-thickness tears as false negative which were found tears only in surgery ( Table 4) . None of them were involving intratendinously. Out of 7 false positive PTT, 5 PTT have involved articular site and 2 PTT have involved bursal site. In these false positive PTT, the signal distortion in rotator cuff muscle tendon is more suggestive of tendinosis than of partialthickness tears. Also out of 9 false negative PTT, 8 were of articular type and 1 were bursal type. On retrospective analysis of MRI findings, signal intensity of these lesions were more suggestive of PTT than of tendinopathy and that of normal intensity of rotator cuff muscle tendon. The size of PTT ranges from 0.5 cm to 4 cm in MRI and overall mean size is 1.84 cm. These partial-thickness rotator cuff tears were situated superficially, at articular side (n = 43, 55%) and bursal (n = 26, 30.2%). The full-thickness rotator cuff tears comprised only 9.3% (n = 8). Most of the RCT lies within 1-<2 cm range of size (n = 35, 40.7%). L-shape comprises highest frequency (n = 32, 37.2%) followed by crescentic shape (n = 27, 31.4%). Supraspinatus muscle is found to be the most involved muscle (n = 54, 62.8%) followed by infraspinatus (n = 15, 17.4%), teres minor (n = 4, 4.7%) and subscapularis (n = 4, 4.7%) ( Table 5) .
Surgery demonstrated no rotator cuff tears and rotator cuff tears in 7 shoulders and 79 shoulders respectively ( Table 6 ). MRI correctly depicted no tears in 0 shoulder. MRI incorrectly identified 7 shoulders as tears, which were not seen in surgery as tears ( Table 6 ). On the basis of size, the consistency between MRI and surgery was poor with Kappa coefficient 0.307. The differences in diagnosis of RCT by MRI and surgery were not significant: the marginal homogeneity test was 0.16, suggesting the two diagnostic procedures have comparable diagnostic value.
On the basis of shape and muscles involved of RCT, the consistency between MRI and surgery was poor for shape variable with Kappa coefficient 0.358 and that for muscles involved was moderate with Kappa coefficient 0.491. Both tests have comparable diagnostic value on the basis of muscles involved as its McNemar test showed insignificant (P = 0.206) but comparable diagnostic value was absent between them as the Mcnemar test is significant (P = 0.002) on the basis of shape variable of RCT ( Table 7) .
In this study, 24 more other findings were observed in addition to RCT. Out of them 13 variables were found significant.
From the Table 8 we can conclude that humeral head edema comprised the highest sensitivity (100%) among other findings followed by shoulder joint effusion (90.5%). Shoulder joint hematoma had the highest specificity (100%) followed by impingement syndrome (97.3%). The agreement between MRI and surgery in diagnosing calcific tendinitis and shoulder joint hematoma in addition to RCT with Kappa coefficient (0.577) and (0.556) respectively were moderate and better than that for other findings although the differences in diagnosing them was insignificant with McNemar test (P > 0.05 for both), which showed that there is comparable diagnostic value between MRI and surgery. The McNemar test for shoulder joint effusion, biceps tendon effusion, biceps tendon injury, subacromial bursitis, humeral head edema, humeral head cyst, synovial hyperplasia were found to be significant (P < 0.05) although the agreement between MRI and surgery for diagnosing them were poor with Kappa coefficient <0.4 for each.
Discussion
In this study, we compared the accuracy of MRI in the detection of rotator cuff tears in patients who underwent surgical procedures as therapeutic purposes. In our hospital, MRI is the investigation of choice in patients with chronic shoulder joint complaints. Arthrography, an invasive technique, has been used for the diagnosis of RCT which has well-recognized risks [17] [18] . So the use of MRI has increased tremendously in most of the countries for imaging shoulder as a diagnostic tool [19] . In our study, the use of MRI with updated imaging technology has shown a promising diagnostic value for the pathology of shoulder joint.
The reproducibility and moderate reliability of history and clinical diagnosis [7] and the high life time prevalence of shoulder pain of 66% [20] may be an answer for more frequently use of MRI examinations. In this research, we have mainly focused on absence and presence of rotator cuff tears on the basis of different variables which includes size, shape, site and muscles involved of RCT. Other findings in addition to RCT have been also mentioned; which were not evaluated in Matthieu et al.; combination of RCT and associated other pathology in MRI examination is found to have significant diagnostic value. Beside it, clinical history and good clinical examination can fulfill the need for the diagnostic certainty in RCT and the surgical approach for it carries better therapeutic value. As the indication to perform MRI of shoulder was not only of suspicion for having rotator cuff tears, MRI had found a large number of negative findings. Another disadvantage of MRI examination could be a large number of false positive results, which might be as per similarity of signal intensity of different pathological conditions of shoulder due to the technical aspects and the chronicity of the lesions. Milgrom C et al. mentioned that there is a chance of up to 50% of findings abnormalities in an asymptomatic shoulder [21] .
Evaluation of the diagnostic accuracy of MRI in RCT was another purpose of this retrospective study. For this by comparing with the surgical findings of RCT, the diagnostic accuracy (percentage of correct diagnosis) of MRI have been calculated which showed 81.3% and 98.8% for PTT and FTT respectively. Although for FTT, its diagnostic accuracy is excellent, it was less but comparably accurate for the detection of PTT. Our results substantiate these reported by Matthieu et al. [7] , Teefey et al. [11] and Gohar Abbas Naqvi et al. [22] , who showed that MRI have comparable accuracy for depicting PTT and FTT. Matthieu et.al performed the study retrospectively with larger number of patient population (n = 275) and also included large number of true negative patient and followed ultrasound examination as well. Teefey et al. [11] performed a prospective study to show the diagnostic accuracy of MRI in diagnosing RCT.
In our study, we have included more nominal data as different variables for RCT to find MRI accuracy which were absent in previous study. Gohar Abbas Naqvi et al. mentioned 91 cases who had evaluated accuracy of MRI in detecting RCT retrospectively with only one nominal data as a variable i.e. presence of tears or absence of tears of supraspinatus tendon only and also categorized only to FTT in different types as per the length of tear [22] . Matthieu et al. had evaluated diagnostic accuracy with only two variables. In our study almost everyone had undergone MRI 3.0T examination so we had additional better diagnostic value to assess other associated findings like fatty infiltration, impingement syndrome, labrum tear, glenohumeral ligament injury etc. and also to define the precise location, extent, shape and rotator cuff muscles involvement which were absent in Matthieu et al. [7] .
Our study has some limitations. The operator dependency of MRI is a potential drawback [14] [23] . There still exists possibility of variability in the performances interpreting the scan between radiologists, as well as between the radiologists and surgeons [24] . We have compared all the types of variables of MRI with that of surgery. If there was no technical drawback, the interobserver agreement is good. The Kappa coefficient was calculated to be 0.645, which was for site variable of RCT.
As the study was not done with random selection of patient and did not include the true negative cases, it was prone to bias. For example the study of patients of 804 cases from Jan 2012 to Sep 2015 who underwent MRI for shoulder but not surgery certainly differs from who were operated upon (selection bias). Variation caused by sample differences can cause wide variation in results.
As the imaging results were preoperatively known by orthopedic surgeons, the decision making to treat surgically or not had heavily influenced the patient selection (verification or workup bias) [7] which lead to diagnostic review bias influencing the gold standard. Thus the reference standard, the so-called gold standard possesses an imperfect standard bias [7] .
Waldt et al. [25] showed that at muscle tendon margin differentiation among fibre tearing, tendinitis, tendinopathy, synovial changes and superficial fraying is difficult so the diagnosis of small PTT are restricted. There occurs limitation to find out obvious focal discontinuity or defect depending on the presence of high signal intensity only which lead to underestimation of true PTT [26] . We experienced reference standard was more dependent upon MRI findings, especially while detecting PTT (Figure 3) . Few false negatives were read as either reactive changes due to tendinopathy, tendinosis or calcific tendinitis and still it is not uncommon even using high-field MRIs [24] . Using high-field MRI scanners, improvement in identifying the shoulder pathology has been shown by arthrograms [24] . In our study, none of the cases had been undergone arthrogram. There were seven false positive PTT and if these PTT were regarded as true positive then the sensitivity, specificity, accuracy, positive predictive value, negative predictive value of MRI would increase as that of FTT. Thus the imperfect standard bias and selection bias has hugely decreased the accuracy of MRI in detection of PTT.
If diagnostic radiologists ignore increasing requests of MRI examination for better evaluation in diagnosis of RCT, these MRI slides will soon be reported by orthopedic surgeons and physicians by themselves [27] - [29] . Coronal T2 weighted fat-suppression MR image show a partialthickness tears (arrow) at the insertion of supraspinatus tendon which were wrongly interpreted as tears for thickened tendon (false-positive partialthickness rotator cuff tears). This finding was confirmed as no tears in surgery. Also shoulder joint effusion can be seen.
Conclusion
For patients with acute and chronic shoulder discomfort, MRI is very reliable imaging investigation for both PTT and FTT despite its relatively high cost and occasional limited availability. The super high-field scanners provide superior imaging quality, but it is not without limitations. To detect PTT, the ability of MRI is less well established than that for detecting FTT. It has high accuracy, sensitivity and positive predictive value in diagnosing FTT. Also although it has less accuracy for diagnosing PTT but has sensitivity and positive predictive value as good as that for diagnosing FTT. As there is high sensitivity, specificity and the consistency is found to be moderate in diagnosing RCT between MRI and surgery on the basis of site and muscle involved and differences in diagnosing RCT between them for some of associated other findings in addition to RCT are significant, combining them in the MRI findings offers a great value in the detection of RCT. Of course dedicated expertise and his/her preference, local setting, equipment availability and its strength, patient preference and cost effectiveness do play a vital role in preferring the imaging technique to be selected as a diagnostic investigation.
